Identification of the trans isomers of abscisic acid and of abscisyl-β-D-glucopyranoside in latent buds of the grapevine and their evolution during the post-dormancy phase by Broquedis, M. & Bouard, J.
Vitis 32, 223-228 (1993) 
Identification of the trans isomers of abscisic acid and of abscisyl-13-
D-glucopyranoside in latent buds of the grapevine and their 
evolution during the post-dormancy phase 
by 
M. BROQUEDIS and J. BouARD 
Laboratoire de Physiologie Vegetale et des Sciences de la Vigne, Universite de Bordeaux I, Talence, 
France 
S u m  m a r  y: The trans isomers (t-ABA and t-ABA-GE) of abscisic acid (ABA) and of abscisyl-13-D­
glucopyranoside (ABA-GE) have been identified in the latent buds of Vitis vinifera L., cv. Merlot, during 
the post-dormancy phase. During this phase, the amounts of the four forms of ABA in the buds became 
minimal. The quantities of ABA-GE and of t-ABA-GE, normally present in much greater quantities than 
free ABA, decreased strongly. This diminution appeared to be directly linked to the increase of water 
content of the buds. Although potential bud burst can be related to these phenomena, the role of the trans 
isomers remains obscure. 
Ke y w o r d s  : abscisic acid, abscisyl-13-D-glucopyranoside, bud, dormancy, Vitis vinifera. 
Introduction 
Abscisic acid (ABA) is an important growth regulator of grapevines. Its occurrence has 
been studied intensively in berries (BROQUEDIS 1987 b) but not in buds. However, it is known that 
a relationship exists between the quantity of free ABA in buds and bud burst, and that the 
probability of bud burst is greatest when the amount of free ABA is minimal (DtrRING and 
BACHMANN 1975; DuRING and KrsMALI 1975). As modern techniques allow to quantify the 
different forms of ABA, it was of interest to study the nature of the disappearance of free cis 
ABA in buds. Therefore, it seemed sufficient to measure ABA and abscisyl-13-D-glucopyranoside 
(ABA-GE). However, our research showed that the ABA present in the buds was not limited to 
these two most common forms and that it was necessary to take into account the trans isomers 
as well. 
Material and methods 
C o l l  e c t i o n o f b u d s a m p l e s : The study was carried out on Vitis vinifera L., 
cv. Mer lot, because the vegetation cycle of latent buds of this variety is particularly well known 
(PouGET 1963 and 1972). The buds were sampled every 8 d during the post-dormancy phase from 
vines bearing on average 12 buds. As soon as they were removed, the buds were plunged into 
liquid nitrogen and subsequently freeze dried. 
M e t h a n o l  i c e x t r a c t i o n: In order to avoid any risk of photo-isomerization of ABA, 
all stages of extraction were carried out avoiding sunlight (BROQUEDIS 1987 a and b). Freeze 
dried plant material (1-2 g) was crushed in methanol/water (80/20 v/v, 100 ml) containing an 
anti-oxidant (10 mg 1·' of BHT; 2.6 di-t-butyl phenol). After 20 h of maceration under stirring 
at 4 OC, the methanolic solution was filtered and the methanol was completely evaporated under 
vaccuum at 35 °C. The remaining aqueous phase contained ABA in its different forms. 
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D i a l y s i s :  The aqueous extract (60 ml) was placed in a dialysis test-tube (length: 27 cm, 
diameter: 4 cm). The pH of the extract was adjusted to 2.5 using phosphoric acid (2.8 M) and 
then 120 ml of ethylic ether containing 10 mg 1-1 of BHT was added. A dialysis tube (length: 
23 cm, diameter: 2.38 cm) containing 30 ml of a basic solution of K2HPO• (0.5 M) was placed in 
the ether phase so that it was completely immersed in the ether. The lower end of the dialysis 
tube was held 2 cm above the level of the lower acidified aqueous phase. Dialysis was carried 
out for 20 h under magnetic stirring. During the first hour, a small quantity of the basic solution 
passed through the membrane of the dialysis tube. Since the diffusion modified the pH of the 
lower acid phase containing the extract, the pH of this phase had to be reset to 2. 7 after 1 h of 
extraction. After dialysis, pH was close to 3.0. The extraction method, as described above, 
comprised 3 separate continuous phases: the lower acidic aqueous phase (pH= 2.5) containing 
the different forms of ABA to be extracted, the intermediate ethereal phase, and the upper 
aqueous basic phase (pH = 9.0) in the dialysis tube. The free ether-soluble acids appearing in 
the lower aqueous phase were able to migrate and temporarily accumulate in the ethereal phase 
during extraction. The free acids then passed into the upper aqueous phase in which the acid 
function was kept by the basic pH. 
After dialysis, the basic solution was acidified (pH= 3. 0) for ether extraction over 20 h using 
a low-boiling solvent extractor (BROQUEms 1987 a). The ethereal fraction was evaporated to 
dryness in an anhydrous nitrogen flow. The dry extract was then solved in 300 Jll of methanol, 
prior to chromatography. At the end of dialysis the lower acidic aqueous fraction contained free 
ABA no longer, but the total amount of ABA-GE was still present. The fraction was then 
hydrolyzed in a basic environment (pH= 11.0) over 20 h at 40 OC in order to separate ABA from 
glucose. According to BARTHE (1983) this method of hydrolysis gives the best yield and does not 
affect the 1'-0-abscisic acid-P-D-glucopyranoside (ABA-GS), which was the other major 
conjugate form of ABA, identified by LoVEYS and MILBORROW (1981). The hydrolyzed solution 
with its pH adjusted to 3.0, was clarified with 5 g of PVPP before further dialysis to extract the 
released ABA. Extraction was then continued in the same manner to extract the free ABA, as 
previously described. 
A n  a l y s i  s m e t  h o d s : The determination of ABA was carried out by HPLC, using a 
Spectra Physics system consisting of 8100 chromatograph, a 8400 wavelength monitor (2 54 nm) 
and a 4100 recording integrator. Samples were introduced from a 10 Jll fixed volume injection 
loop and separated at 35 OC on a Lichrosorb 5 J.Ll particle size, 250 x 4.6mm C18 reverse common 
phase column. The mobile phase, consisting of water, methanol and acetic acid (70/25/5 ml), 
had a flow rate of 1.5 ml min-•. The different forms of ABA were detected at 254 nm. 
I d  e n  t i f  i c a t i o n  o f  t ran s i s o m e r s  : Combined GC-MS allowed in particular 
the identification of the trans isomers and of the different forms of ABA studied in the extracts 
obtained from the buds, which had been previously methylated by diazomethane (ScHLENK and 
GELLERMAN 1960). 
Conditions for chromatography: Chromatograph: Intersmat IGC 121M; silica capillary 
column, CP SIL 8 CB (25 m x 0.22 mm); programmed oven temperature: from 170 to 300 OC 
(4 oc min -1); split injector temperature: 240 OC; split value: 1/50; volume injected: 5 J.Ll; carrier 
gas: helium ,U' (pressure: 1 bar). Under these conditions, the retention times of the methyl esters 
of ABA and of t-ABA were 6.33 and 7.52 min, respectively. 
Conditions for spectrometry: Mass spectrometer: V.G. Micromass 16F type; temperature 
of the interface: 170-200 OC; ionisation conditions: source temperature of 140 oc for an energy 
of 70 eV and an intensity of 100 mA; magnetic scanning of masses of 600 m/z to 20 m/z at a speed 
of 0.5 s per decade. 
Results 
E v i d e n c e  f o r  t h e  p r e s e n c e  o f  t ran sf o r m s  o f  A B A  i n  l a t e n t  
b u d s  : At all sampling dates the chromatograms provided evidence for the presence of the 
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4 forms of ABA in buds, which may be characterised by the following abbreviations (BRoQUEDIS 
1987 b): free cis ABA (ABA), its glucose ester (ABA-GE) or abscisyl-13-D-glucopyranoside, the 
free trans' ABA (t-ABA) and the trans abscisyl-13-D-glucopyranoside (t-ABA-GE). The mass 
spectra, corresponding to the methyl esters of the trans isomers, proved that these two isomers 
were indeed present in the buds studied (Fig. 1). It has been shown elsewhere (MILBORROW 1970) 
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Fig. 1: A- Chromatogram obtained by HPLC with a standard methanolic solution of free t-ABA and ABA. 
Chromatograms B and C obtained by HPLC with the same extract of buds. B - represents the ABA and the 
t-ABA contained in a free status in this extract. C - represents the ABA and the t-ABA set free after 
hydrolysis of conjugated forms (ABA-GE and t-ABA-GE) contained in the same extract. This is an indirect 
analysis of conjugated forms because only the free forms given by these conjugated forms are analysed, that 
explains the similarity of chromatograms B and C. A' -Mass spectrum of methylated t-ABA contained in 
standard methanolic solution A. B' and C'-Mass spectra of the peaks of chromatograms B and C which have 
the same retention times as the peak of standard (A) t-ABA. The identity of spectra B', C '  and A' (reference) 
shows the presence of t-ABA and t-ABA-GE in the buds. 
that the conjugate forms are derived from an esterification of the free forms and that the t-ABA 
is formed from ABA by isomerization. This latter reaction seems to be essentially light-induced 
and takes place without the intervention of isomerases. Although this is the first time that the 
existence of the trans isomers in the buds of the grapevine has been demonstrated, their 
presence does not seem to be surprising, because trans ABA does indeed exist under natural 
conditions and was found in substantial quantities in buds of peach and orange trees (LESHEM 
eta/.1974; JoNEs et al. 1976). Now it would be interesting toknow whether these 4 forms of ABA 
are found throughout the vegetation cycle of the compound buds or if the trans forms are a 
characteristic of certain phases of their development. 
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E v o l u t i o n o f f r e e A B  A a n d o f A B A - G E : The quantities of free ABA and 
ABA-GE in buds decreased from February 8 to March 22 (Fig. 2). But there were only small 
quantities of free ABA which diminished slightly (from 15 to 5 ng/bud), while the amount of 
ABA-GE was 7 times greater and diminished in a regular and distinct way from February 8 to 
March 8. The slight increase of ABA-GE which took place only during a short period, from 
March 8 to 15, was observed in all analyses. It seems that this increase was the result of an 
esterification of part of the free ABA. The quantitiy of ABA-GE then decreased again to reach 
its minimum value on March 22. The evolution of ,total' ABA (free ABA plus ABA-GE) was 
almost identical to that of ABA-GE, indicating the great predominance of this form (Fig. 2). 
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Fig. 2: Evolution of the amounts of ABA, t-ABA, ABA-GE and t-ABA-GE (ng!bud) and of the water content 
(in %) in the Merlot compound buds during their post-dormancy phase. Data are the means (± SD) of 
5 replicate extractions. 
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E v o l u t  i o n  o f  f r e e t- A B  A and t - A B  A - G E : The quantities of the two trans 
forms were also very different, and it is again the conjugated form, the t-ABA-GE, which was 
by far more abundant. The quantitiy of free t-ABA changed little from February 8 to March 15. 
It increased during a brief period from March 15 to 22. The evolution in the amounts of t-ABA­
GE was exactly inverse to that of t-ABA and the differences in quantity which exist between 
thetwo forms suggest that thet-ABA turned into t-ABA-GE. The ,total' t-ABA (freet-ABA and 
t-ABA-GE) evolves in parallel to the t-ABA-GE (the predominant form), and in an analogous 
manner to the ,total' free ABA. 
If one compares the free and conjugate cis and trans forms, it is noticeable that the ABA­
GE and the t-ABA-GE evolved in parallel and that the quantities of ABA-GE were always 
distinctly greater than those of t-ABA-GE. However, ABA and the t-ABA were inversely 
related and the amounts of ABA were always greater with an exception of those on March 22, 
the last sampling date. 
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The changes of the amounts of ABA-GE and t-ABA-GE appears to be closely linked to that 
of the water content of the buds. In effect, the two conjugate forms and the water content 
appeared to be inversely related, i.e. the percentage of water increased while the amounts of the 
conjugate forms decreased. Also during the short period (from March 8 to 15) when the water 
content decreased, the levels of ABA-GE and t-ABA-GE increased. Given the low quantity of 
free ABA, the same relationship was observed for the ,total' ABA. The increase of the amounts 
of glucose esters thus appears closely linked to changes in the water content. 
Conclusion 
This study confirms that the amounts of free ABA in latent buds of the vine reached their 
lowest level during the post-dormancy phase (DuRING and BACHMANN 197 5; DURING and KlsMALI 
1975). It is not surprising to leam that free ABA can act as a growth inhibitor which has an 
influence on dormancy phenomena, and it can also be surmised that potential bud burst is 
partly linked to the low content of free ABA. This study revealed new facts on the presence of 
trans isomers which were identified for the first time in grapevine buds. The evolution of these 
trans forms during the period studied raises the question of their significance. The results 
presented in this paper do not prove a clear answer to this question. Tjle presence of relatively 
large amounts of conjugate forms (ABA-GE and t-ABA-GE) has also newly come to light. In 
the absence of complementary data on the existence of these compounds during post-dormancy 
of the grapevine buds, it is impossible for the moment, to pinpoint their origin with any 
certainty. Their evolution does however appear to be linked to the changing water content of 
the buds. Some authors have noted that the intracellular pH of dormant tissues is always higher 
than that of non-dormant tissues (GENDRAUD 1981; GENDRAUD and LAFLEURIEL 1983; TORT et al. 
1985). Thus one might imagine that such variations in pH are likely to happen in the case of buds 
in the post-dormancy phase. It is also known that the pH value influences the activity of · 
enzymes such as the glucosyltransferase, an enzyme implicated in the formation of ABA-GE 
(LEHMANN and SclillTTE 1980). A further, more detailed study is currently evaluating these 
hypotheses that have been put forward and is also attempting to clarify the uncertainties with 
regard to the role of the trans isomers raised by these initial results. 
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